Few prospective studies have examined the effects of different types of dairy food on the risks of type 2 diabetes, CHD and mortality. We examined whether intakes of total dairy, high-fat dairy, low-fat dairy, milk and fermented dairy products were related to these outcomes in the Whitehall II prospective cohort study. At baseline, dairy consumption was assessed by FFQ among 4526 subjects (72 % men) with a mean age 56 (SD 6) years. Death certificates and medical records were used to ascertain CHD mortality and nonfatal myocardial infarction. Incident diabetes was detected by the oral glucose tolerance test or self-report. Incidence data were analysed using Cox proportional hazards models, adjusted for lifestyle and dietary factors. During approximately 10 years of follow-up, 273 diabetes, 323 CHD and 237 all-cause mortality cases occurred. In multivariable models, intakes of total dairy and types of dairy products were not significantly associated with incident diabetes or CHD (all P values for trend . 0·1). Fermented dairy products was inversely associated with overall mortality (hazard ratios approximately 0·7 in the middle and highest tertiles; P for trend ,0·01) but not with incident CHD or diabetes (P. 0·3). In conclusion, intakes of total dairy and types of dairy products showed no consistent relationship with incident diabetes, CHD or all-cause mortality.
Diabetes and CHD are both leading causes of hospitalisations, death and loss of disability-adjusted life years (1, 2) . A considerable proportion of diabetes and CHD incidence can be prevented or delayed by healthy diet and exercise (3 -6) . American and European dietary guidelines for CHD prevention recommend intake of low-fat dairy products (7, 8) . Prospective cohort studies investigating the association between milk consumption and CHD have found conflicting results (9, 10) . In a meta-analysis of nine prospective cohort studies, an inverse association between the highest relative to the lowest dairy product consumption and CHD was observed, with a relative risk of 0·92 (95 % CI 0·80, 0·99), but milk was not analysed separately (9) . A recent dose-response meta-analysis pooling six prospective cohort studies did not show an association between milk consumption and CHD and all-cause mortality (relative risk 1·00 (95 % CI 0·96, 1·04) per 200 ml milk) (10) . In this meta-analysis, data on dairy products other than milk in relation to CHD and all-cause mortality were not pooled because the number of studies was limited. For incident diabetes, several meta-analyses (summarising four to seven prospective cohort studies) reported statistically significant inverse associations with dairy consumption, especially lowfat dairy products (9, 11, 12) .
The largest studies in all these meta-analyses (9 -12) were from the USA (13 -17) with limited evidence coming from European studies. Early studies from the UK, the Caerphilly cohort study (baseline 1979-83) (18, 19) , and the Oxford Vegetarian Study (1973) (20) only examined milk and other types of dairy food were not investigated in relation to diabetes, CHD or all-cause mortality. The aim of the present study was therefore to examine the relationship between different types of dairy food and incident type 2 diabetes, fatal and non-fatal CHD, and all-cause mortality using recent data from the Whitehall II study.
Methods

Study population
The Whitehall II cohort consists of London-based office staff working in twenty Civil Service departments during recruitment in 1985-8. The initial cohort consisted of 10 308 civil servants (6895 men and 3413 women, aged 35 -55 years), with a participation rate of 73 % (21) . During the follow-up, FFQ were completed at phase 3 (1991 -3), phase 5 (1997 -9), phase 7 (2003 -4) and phase 9 (2007 -9) . As the FFQ-item format for milk intake was shown to be answered inconsistently at phase 3, the phase 5 FFQ (1997 -9) was selected, completed by 5088 participants, as baseline for the present study. The study was conducted according to the guidelines laid down in the Declaration of Helsinki and all procedures involving human subjects were approved by the University College London Research Ethics Committee. Written informed consent was obtained from all subjects during each phase of the Whitehall II study.
Assessment of dairy intake
The FFQ comprised of 114 items. Breakfast cereals were assessed in a separate and open question, each participant being able to report up to two types of cereals. Milk consumption over the previous 12 months was assessed with two separate questions: first, on the type of milk most often used (full cream, semi-skimmed, skimmed, Channel Islands, dried, soya, other or none); second, on the usual daily amount (none, quarter of a pint, half a pint, three quarters of pint, one pint or more than one pint).
Consumption of other dairy products (single cream, double or clotted cream, yogurt, cheese, cottage or low-fat soft cheese, milk puddings, hot chocolate or Horlicks/Ovaltine) was reported in predefined frequency categories that ranged from never/less than once per month to six or more portions per d. The FFQ was previously validated at phase 3 against a 7 d diary and blood biomarkers, although not for dairy products (22) . For Ca, energy-adjusted Spearman's correlations were 0·44 and 0·48, for women and men, respectively.
In total, eight exposure variables were created for dairy consumption: total dairy (all dairy products, except butter and ice cream); high-fat dairy (full-fat cheese, yogurt, milk puddings, whole and Channel Islands milk); low-fat dairy (cottage cheese, semi-skimmed, skimmed milk and milk-based hot drinks); total milk (including whole and low-fat milk); lowfat milk (semi-skimmed and skimmed); fermented dairy (yogurt and total cheese); yogurt; total cheese (full-fat cheese and cottage cheese). Whole milk was consumed in too limited amounts to examine this separately. We were unable to distinguish types of yogurt intake as no information was available on sugar or fat content.
Other measurements
A self-completed questionnaire was used for several diagnoses (e.g. ever told by a doctor that they had angina, heart attack, hypertension or diabetes), exercise, diet, alcohol, smoking status and the last known civil service employment grade (six categories varying from highest employment grades defined as unified employment grades 1-6 according to salary scales, followed in descending order by senior, higher and executive officer, and clerical/support staff as the lowest employment grade). Participants subsequently attended a clinical examination to have a blood sample collected, blood pressure measured, and height and weight recorded. Blood pressure was measured twice in the sitting position after a 5 min rest using the Hawksley Random Zero Sphygmomanometer (Hawksley and Sons). Weight was measured using Soehnle electronic scales. BMI was calculated as weight divided by the square of height. Total cholesterol and TAG were determined from fasting serum samples with an Olympus Analyser (AU5200), whereas HDL-cholesterol was determined with the AU800 Olympus Analyser.
Outcomes
Outcomes included incident diabetes and CHD collected up to December 2009 and all-cause mortality cases were collected up to January 2010. In total, 323 cases of fatal and non-fatal CHD, 237 all-cause deaths, and 273 cases of incident diabetes occurred during the follow-up period. Participants were flagged by the National Health Service Central Registry, who notified us of the date and cause of all deaths up to January 2010. Deaths were classified as coronary if 'International Classification of Diseases (ICD)', 9th edition codes 410-414 or ICD 10th edition codes I20 -I25 were present on the death certificate. ICD-10 codes were I00 -I99 for CVD mortality and C00-C97 for cancer mortality. Follow-up for mortality was essentially complete (99·9 % flagged at the National Health Service Central Registry).
Cases of non-fatal myocardial infarction were identified from twelve-lead electrocardiograms. In addition, questionnaire items on chest pain using the Rose questions (23) and doctor's diagnosis of angina and myocardial infarction were used. Details of physician investigations, diagnoses and interventions were sought from medical records for all potential cases for final ascertainment. Classification, following the WHO Monitoring of Trends and Determinants in Cardiovascular disease methods, was carried out independently by two trained coders, with adjudication in the event of disagreement. Self-reported myocardial infarction in the absence of verification was not classified as myocardial infarction.
Incident cases of diabetes were identified by self-report of doctor's diagnosis, initiation of anti-diabetic medication (oral hypoglycaemic agents or insulin) and a 2 h 75 g oral glucose tolerance test at phases 5, 7 and 9, according to the 1999 WHO classification.
Statistical methods
Consumption of total dairy and dairy subgroups was adjusted for total energy intake (EI) according to the residual method (24) . For each exposure variable, residuals were obtained by the regression of EI from the selected dairy products v. total EI. Participants were then ranked in sex-specific tertiles according to their residual values. Tertiles were included in Cox proportional hazards regression models, the reference group being the tertile with the lowest intake for each exposure variable. Follow-up time in years was used as the time variable. Scaled Schoenfeld residuals were used to test the proportional hazards assumption which was met for all models. Outcomes included incident cases only. Both linear and quadratic trends were examined with Cox proportional hazards regression models. For each exposure -outcome combination, three models were run. In the first model, adjustments were made for age (continuous), ethnicity (white Caucasians as the reference group, south Asian, black and other ethnicity) and employment grade (high employment grade as the reference group). The second model additionally included smoking status (never smoking as the reference group, current and past), alcohol intake (no consumption as the reference group, moderate (# 3·5 units/d) and high alcohol intake (.3·5 units/d)), BMI (continuous), physical activity level (inactive as the reference group, moderately active and vigorously active) and family history of CHD or hypertension (yes/no). In the third model, further adjustments were made for intake of fruit, vegetables, bread, meat, fish, coffee, tea and total energy (all continuous). We additionally adjusted for BMI changes between phase 5 (1997 -9) and phase 7 (2003 -4) using the third model. Also, analyses were rerun to investigate the effect of energy misreporting. BMR was calculated using the 1991 Committee on Medical Aspects of Food Policy equations (25) . The ratio of the EI:BMR (EI:BMR) was then calculated for each individual. Participants with EI:BMR , 1·14 were classified as 'energy under-reporters' based on the cut-off limits developed by Goldberg et al. (26, 27) , whereas those with EI:BMR . 2·24 as over-reporters. Normal energy reporters were participants with 1·14 # EI:BMR # 2·24.
To take the disparity in consumption levels across tertiles into account when comparing hazard ratios (HR) between dairy products, the HR per standard deviation unit were calculated.
Of the 5088 participants who completed the FFQ, ninetynine participants were excluded due to missing dairy intake information and 463 participants were excluded with missing values for confounders, leaving a sample of 4526 participants for complete case analysis. For the outcome response rates, there were 133 missing values for incident diabetes, eleven missing values for incident CHD and four missing values for all-cause mortality (in total, 4522 participants). For the analyses with incident diabetes, prevalent diabetes (n 207) cases were excluded, leaving 4186 participants for the diabetes analyses. For the analyses with incident CHD, all prevalent CHD cases (n 260) were excluded, leaving 4255 participants for the CHD analyses.
Results
The characteristics of 4526 participants are shown by tertiles of energy-adjusted total dairy consumption in Table 1 . The mean age at baseline was 56 (SD 6·1) years, 72 % were male and the mean BMI was 25·9 (SD 3·8) kg/m 2 . The median total dairy consumption ranged from 246 g/d in the first tertile to 575 g/d in the third tertile. Overall, median intakes were 378 g/d for total dairy, 73 g/d for high-fat dairy, 294 g/d for low-fat dairy, 294 ml/d for total milk, 41 g/d for fermented dairy products, 21 g/d for yogurt and 17 g/d for cheese. Higher consumption of dairy products was significantly inversely associated with physical activity (P¼0·03), consumption of alcohol, bread, meat, fish and PUFA (all P,0·01), and positively with ethnicity, tea, Ca and saturated fat (all P,0·01).
Type 2 diabetes
A total of 4186 participants without prevalent diabetes were followed for 9·8 (SD 1·9) years. There were 273 incident type 2 diabetes cases available for complete case analysis. Uni-and multivariable Cox proportional hazards models for various dairy products and incident type 2 diabetes are presented in Table 2 . In the final adjusted models, total dairy products were marginally positively, but not significantly, associated with incident type 2 diabetes with HR of 1·3 in the highest tertile. Intakes of high-and low-fat dairy, total milk, low-fat milk, fermented dairy products, yogurt and cheese were not associated with incident diabetes. Additional adjustments for changes in BMI during the follow-up did not alter any of the results for diabetes (data not shown).
CHD
A total of 4255 participants were followed for 10·8 (SD 2·6) years. There were 323 incident CHD cases available for complete case analysis. Intakes of total dairy, high-fat and low-fat dairy, total milk, low-fat milk, fermented dairy products, yogurt and cheese were not statistically significantly associated with incident CHD ( Table 3 ). The majority of these dairy products (total dairy, low-fat dairy products, total milk, lowfat milk and cheese) were marginally inversely associated with incident CHD with HR between 0·8 and 0·9 in the final adjusted models. Additional adjustments for changes in BMI during the follow-up did not alter any of the results for CHD (data not shown).
All-cause mortality
A total of 4522 participants were followed for 11·7 (SD 1·5) years. There were 237 deaths available for complete case analysis. Total dairy consumption was non-linearly inversely associated with all-cause mortality (P for quadratic trend¼0·008; Table 4 ), with HR of 0·72 (95 % CI 0·52, 0·99) in the highest tertile of model 3. No association with mortality was found for consumption of high-or low-fat dairy, with HR of 0·83 and 0·84 (P for trend. 0·25). There were no statistically significant associations of total milk (HR ¼ 0·89), low-fat milk (HR ¼ 0·82) and total cheese (HR ¼ 1·00) with all-cause mortality.
Fermented dairy consumption was inversely associated with all-cause mortality with HR of 0·65 (95 % CI 0·47, 0·90) in the highest tertile (model 3, P for trend , 0·01). This association remained after adjustment for intake of other dairy products (HR 0·62, 95 % CI 0·44, 0·89 in the highest tertile of model 3; P for trend¼ 0·006). The association between fermented dairy consumption and all-cause mortality was also examined for yogurt and cheese separately, expressed as HR per SD unit (SD for cheese and yogurt were, respectively, 22·3 and 61·6 g/d). Cheese was not associated with all-cause mortality (HR 1·01 per SD, 95 % CI 0·88, 1·16). For yogurt, a borderline inverse association was found (HR 0·88 per SD, 95 % CI 0·74, 1·02).
Additional adjustments for changes in BMI during the follow-up did not alter any of the results for all-cause mortality (data not shown).
Post hoc analyses
Total dairy intake was no longer associated with all-cause mortality after excluding fermented dairy consumption from this group (HR 1·01, 95 % CI 0·72, 1·42 in the highest tertile).
Fermented dairy intake was inversely associated with allcause mortality but not with diabetes and CHD. In a post hoc analysis, we further examined the associations with CVD (n 53) and cancer mortality (n 126). For fatal CVD, the HR was 0·69 (95 % CI 0·35, 1·36 model 3, P for trend ¼0·28) in the highest v. lowest tertile. For cancer mortality, the HR was 0·59 (95 % CI 0·39, 0·91) in the highest v. lowest tertile (model 3, P for trend¼0·01).
The effect of energy misreporting was assessed. We had 992 under-reporters, 2889 acceptable reporters and 173 overreporters. Exclusion of under-and/or over-reporters from the analysis did not alter the results of Tables 2 -4. 
Discussion
The present prospective cohort study in 4000 adult men and women showed no consistent associations of total dairy and types of dairy food intake with incident type 2 diabetes, CHD or all-cause mortality. A total of 10 308 subjects were enrolled in the Whitehall II study (phase I). A FFQ that contained information on different types of dairy products was introduced 10 years later (phase 5) and completed by 5088 subjects (49 %). These subjects smoked less and had a lower BMI, higher employment grade and lower blood pressure compared with those not included in the present analysis. Whitehall II study participants are office-based civil servants and therefore not fully representative of the total UK population. However, we consider it unlikely that the relationship between dairy product intakes and the outcomes in the present study would differ from that in the general population.
We used a validated FFQ (24) that ranked individuals sufficiently for Ca when compared with 7 d food diaries and biomarkers with energy-adjusted Spearman's correlations of 0·44-0·48 (22) . A disadvantage of the FFQ is that it is memory-based, which could lead to under-or over-reporting of food intake (28) . We did not update dietary data during the follow-up, which is a limitation of the present analysis. Although correction for energy misreporting and changes in BMI during the follow-up did not alter the present results, we cannot exclude the possibility that misclassification of subjects for dairy intake biased the results from the present study towards the null. Several objective biomarkers for dairy fat intake have been proposed, which showed conflicting relationships with CHD (29, 30) . We had no biomarker data available in the Whitehall II study to perform such analyses. There were no statistically significant associations between dairy food intake and incident type 2 diabetes. Previous meta-analyses (9, 11, 12) and prospective cohort studies (31 -36) reported inverse associations between low-fat dairy intake and incident type 2 diabetes. In the most recent meta-analyses, inverse associations of total dairy intake and diabetes were found in women, but not in men (12) . In the UK Caerphilly cohort study, there was no significant association between milk consumption and incident diabetes in men who had kept 7 d weighed intake records (19) . Our cohort consisted of 72 % male participants, and we did not find an association with diabetes, which is in line with previous studies showing no relationship in men (12, 19) . We have no likely explanation why women would be more responsive to dairy intake than men with respect to diabetes.
In the present study, no associations were found between dairy food intake and incident CHD. This finding was in accordance with a recent meta-analysis, which also reported no associations between milk consumption and incident CHD on the basis of six prospective cohort studies (HR 1·00, 95 % CI 0·96, 1·04) (10) . In another meta-analysis of nine prospective studies, an inverse association between milk (and dairy food) and CHD has been reported (HR 0·92, 95 % CI 0·80, 0·99 for the highest relative to lowest intake) (9) , but the results were attenuated when types of milk were taken into account for one large study contributing to this meta-analysis (14) . We found an inverse association between fermented dairy intake and all-cause mortality, but not with diabetes and CHD. This appeared to be due to yogurt rather than cheese intake, although this finding needs confirmation in further studies. In a previous Dutch study on 120 852 men and women followed for 10 years, fermented full-fat milk was also inversely related to all-cause mortality, with relative risks of 0·91 (95 % CI 0·86, 0·97) in men and 0·92 (95 % CI 0·85, 1·00) in women per intake of 100 g/d. The group of fermented dairy in that study, however, contained other products (full-fat yogurt, quark, fresh cheese and sour cream) different from that used in the present study (soft and hard cheese and yogurt), which makes these studies not fully comparable (37) . There is some evidence that vitamin K 2 present in fermented dairy products plays a role in apoptosis and cell-cycle arrest influencing carcinogenesis (38, 39) , which may explain the associations with cancer (40) in the present post hoc analyses. On the other hand, fermented dairy consumption could be a marker of healthy food choices in general and residual confounding cannot be ruled out completely.
In conclusion, total dairy and types of dairy food consumption were not associated with diabetes, CHD or all-cause mortality in the present prospective cohort study of Londonbased civil servants. We observed an inverse relationship of fermented dairy products with all-cause mortality, which needs confirmation in further studies.
